To improve the efficiency of the detection of NO x , we propose a method using room temperature ionic liquids (RTILs) 
INTRODUCTION
In recent years, haze pollution has become increasingly serious in China. The main composition of haze includes nitrogen oxides (NO x : NO, NO 2 ), and sulfur dioxide (SO 2 ). NO x gas has a strong stimulating effect on the respiratory system and causes serious damage to the lungs, even leading to pulmonary edema and lung cancer. Therefore, it is necessary to monitor the concentration of NO x in the environment and to control the exhaust gas from automobiles and factories. The separation and concentration of NO x is required in order to achieve its recovery and to reuse and detect it in some processes. Ionic liquids are reagents that have the functions stated above. Room temperature ionic liquids (RTILs) have a near zero vapor pressure, high thermal and chemical stability, and can be tailored to their properties by changing the substituents. Therefore, ionic liquids can be used as environmental benign solvents for many applications. One of its most useful features is their ability to absorb and seperate certain gases, such as CO 2 [1] , SO 2 [2, 3] and NO 2 [6] .The sensing and determination of nitrogen oxides in air is very important, as the gas is emitted from cars, boilers, and other combustion facilities. Several methods have been used to detect NO x , including those based on electrochemistry [4, 5] . Despite the interest in NO x detection, there has been relatively little reported on NO x gas dissolution in ionic liquids. Broder et al. [6] reported the electrooxidation of nitrite ions (from KNO 2 ) and the oxidation and reduction properties of NO 2 gas dissolved in the RTIL [Emim][NTf 2 ]. They explored and analyzed the reaction mechanisms and kinetics in this medium. They believe that NO 2 exists predominantly as a dimer, N 2 O 4 , at room temperature. The oxidation mechanism follows a CE(mono)process, which involves the initial dissociation of the dimer to the monomer, followed by a one-electron oxidation.
Recently, 2D nanomaterials have attracted increasing attention, especially MoS 2 . MoS 2 is a graphene analogue constructed by stacking covalently bound S-Mo-S through weak van der Waals interactions [7] , and it is a type of transition metal sulfide [8, 9] . Many studies confirm that the HER activity of MoS 2 correlates with the number of catalytically active edge sites [10] . Molybdenum disulfide has its unique properties such as large surface area, significant electron mobility and high density of electronic states, so it exhibits superior biosensing properties in detecting nucleic acids [11, 12] and biomolecules [13] [14] [15] [16] [17] [18] . In this work, we demonstrated an electrochemical sensor based on MoS 2 for the detection of NO x absorbed in two RTILs. The sensor shows better selectivity and good sensitivity for NO 2 due to the excellent absorption properties of ILs.
EXPERIMENTAL

Reagents
Ionic liquids 1-ethyl-3- 4 ]) were purchased from the Center in Green Chemistry and Catalysis. Molybdenum disulfide (MoS 2 ) dispersions in NMP (N-methyl-2-pyrrolidone) were purchased from Jining LeaderNano Tech L.L.C., with a maximum concentration of 40 mg/L. Nafion (5% in alcohol) was obtained from Sigma-Aldrich. All reagents and solvents were A. R. grade. All aqueous solutions were made with deionized water.
Instrumentation
Electrochemical measurements were performed with a CHI 660D electrochemical workstation (Chenhua Instruments Co., Shanghai, China). We used an electronic balance (EL 204, Mettler Toledo Instruments Co. Ltd., Shanghai) for weighing. Three-electrode system with a platinum wire counter and a saturated calomel reference electrode was employed in this study. All potentials were referred to the latter. The working electrode was the following modified GC electrode. The three electrodes were inserted into a 10 mL beaker through holes in the Teflon cover.
Procedures
Preparation of Nafion/MoS 2 /GC
Carefully polish glassy carbon (GC, 3 mm diameter, CHI 104) electrode with 1.0, 0.3, and 0.05 mm alumina slurries and rinse thoroughly with deionized water between each polishing step. The electrode was then washed with ultrasonics in ethanol and deionized water and dried in air.Subsequently, 3 μL of the MoS 2 dispersion (in N-methyl-2-pyrrolidone) was cast onto the surface of the pretreated GC electrode with a microsyringe, and the solvent was allowed to dry at ambient temperature. Finally, 3 μL of the Nafion (0.1% in alcohol) solution was cast onto the MoS 2 -modified GC electrode and dried to obtain the Nafion/MoS 2 /GC electrode.
Preparation of Nafion/GC
3 μL of the Nafion (0.1% in alcohol) solution was cast onto the carefully polished and washed bare GC electrode. The modified electrode was dried before use.
Absorption of NO x
Nitrogen oxides was prepared by chemical methods through a reaction of copper and concentrated nitric acid. The absorption experiment was carried out in several containers. There were three vials in each container containing one small beaker with some copper and two weighing bottles with the two ionic liquids both about 3.6 g . Then, excess nitric was added dropwise to the copper in the small beaker and soon after produced red brown gas, which is NO x . After that, the container was quickly sealed and placed in a fume hood. The ionic liquids simultaneously absorbed NO x . After a certain time, the two small weighing bottles in the same container were taken out and weighed. By recording the mass difference before and after absorption, we can determine the absorption mass of NO x in the ILs. The absorption rate can be determined by dividing the mass of NO x by the mass of the ILs.
Detection methods
Electrochemical detection was carried out with a three-electrode system using a weighing bottle as an electrolytic cell. All the experimental procedures are carried out under normal atmospheric pressure at 25℃。
RESULTS AND DISCUSSION
Characterization of MoS 2
Figure 2. SEM image of MoS 2 nanomaterial.
The morphology of the as-obtained samples was examined by SEM. MoS 2 ( Fig. 2 ) displays a typical layered nanosheet structure. We can clearly see the MoS 2 sheet is multilayer. This structure increases the contact area of the analytes. The overlapping or coalescing of the MoS2 can form an interconnected conducting network, and provided a feasible pathway for electron transfer. These properties would permit the construction of an electrocatalytic platform for biosensing [11] . We also investigated the electrochemical behavior of NO x on GC, Nafion/GC, and Nafion/MoS 2 /GC electrodes in ionic liquids. To assess whether the preparation conditions (and not the MoS 2 or Nafion modifier itself) are responsible for the catalytic behavior, control experiments were conducted. For this purpose, the GC surface was coated with Nafion, which resulted in the lowest cathodic peak of NO x at the Nafion/GC electrode (Fig. 4c) . Therefore, the one well defined cathodic peak observed in the presence of MoS 2 (Fig. 4a) clearly indicates the essential role of MoS 2 may due to high surface activity and large specific surface area of MoS 2 . The behaviors of these three electrodes are the same for the two ionic liquids. The higher response of NO x to molybdenum disulfide is consistent with the results of SO 2 detection in our previously published article [19] . H song et. Have studied the electrochemical impedance spectroscopy of MoS2. they found molybdenum disulfide modified electrodes can reduce the electron transfer resisitance [13] .
Characterization of Nafion-MoS 2 -GC
Comparing the two ionic liquids, we found that the peak current density of NO figure is not shown) . We determined the logarithm of the peak currents (lg I p ) as a function of the logarithm of the potential scan rate (lg v) and the magnitudes of the peak potentials (E p ) as a function of the natural logarithm of the potential scan rate. From Fig. 5 , we find that lg I p increases linearly with increasing lg v, and the slope is 0.5. This indicates that the electrode process is a diffusion-controlled process.
Kinetic characteristics of the Nafion/MoS 2 /GC electrode
For an irreversible diffusion-controlled reaction, the relationship between peak potential and the scan rate follows the Nicholson equation [20] :
where F is the Faraday constant, n the number of electrons transferred, α is the electron-transfer coefficient, k 0 the standard rate constant of the electrode reaction, E 0 is the formal potential, D 0 is the coefficient of diffusion, and v is the scan rate. We can see from the equation and from Fig. 5b [21] . We believe that the absorption of NO x in ILs should be similar to that of SO 2 , which is physical absorption. This should be the reason why the reaction rate between MoS 2 modified electrode and NO x is slow.
Interference detection of Nafion/MoS 2 /GC electrode
We studied the interference of several kinds of gases such as SO 2 , NH 3 , H 2 S and CO 2 . In addition to other gases other than SO 2 have no effect on the detection of NO x . When NO x was absorbed in the presence of SO 2 , the absorption concentration was unaffected. The cyclic voltammetric (CV) responses of the two gases absorbed in [Emim] [BF 4 ] has been studied with two peaks in the curve (it can be seen in Fig.6 ). The peak of NO x was at 0.05V, while a small peak at 0.7V was caused by SO 2 according to reports in the literature of detection of sulfur dioxide [19] . The two peaks were far enough, so SO 2 has no effect on the detection of NO x . 
Electrochemical detection of NO x absorbed in ILs
A constant amount of copper (1 g) was reacted with excess concentrated nitric acid (4 mL) in the closed container to gradually extend the absorption time of NO x in the two ionic liquids (both were 3.6 g). After that, we obtained the following data. To test the potential electrochemical activities of the Nafion/MoS 2 /GC electrode, cyclic voltammetric responses were recorded in the ILs with different concentrations of absorbed NO x . Fig. 7 further demonstrates the excellent catalytic activity of Nafion/MoS 2 /GCs towards the reduction of NO x in different concentrations. A and B further demonstrates the excellent electrochemical behaviors of NO x at the Nafion/MoS 2 /GC electrode in the two ILs. It is easily found that the amperometric response increases gradually with increased absorption rate. The cathodic peak current densities increased in both ILs, exhibiting the excellent electrocatalytic activity of MoS 2 towards the reduction of NO x . However, comparing the two ionic liquids, the peak current density of NO x in [Emim] [BF 4 ] was much higher than that in [Bmim] [BF 4 ] at the same Nafion/MoS 2 /GC electrode. From Fig. 8 we can see the linear relationship of the absorption rate of NO x and the peak current densities. We found that the correlation 4 ] for NO x absorption with better electrochemical detection performance. The same anion imidazole-based ionic liquids has been studied in previous literature [1] and it reported that the longer the alkyl chain, the higher the solubility of the gas, but the difference is slightly. The proposed Nafion/MoS 2 /GC electrode for NOx determination was compared with other kinds of electrochemical electrodes, and the results were illustrated in Table 2 . Although our sensor is somewhat inferior in sensitivity and detection limit, detection can be accomplished by increasing the absorption time and the gas volume because of the enrichiment of the ILs. Our linear response can reach 14.07%, so we can detect high concentrations of NO x gas. The common three-electrode system used in our sensor devices uses less material and is cheaper and easier to obtain than other gas sensors.
The repeatability and stability of the Nafion/MoS 2 /GC electrode were tested. Eight experiments were carried out in the presence of 5.34% NO x absorbed in [Emim] [BF 4 ] use cyclic voltammetry. The results demonstrated the Nafion/MoS 2 /GC had a great reproducibility with a relative standard deviation of 4.2%. The operational stability was studied in 10 hour，and repeated the test per hour. The current density response decreased by only about 16% within 10 h, which indicated the Nafion/MoS 2 /GC electrode has a good operational stability and enough for continuous usage for hours.
Application
We simulated a NO x -containing environment in the laboratory for actual testing. Adding a certain amount of NO x in a closed container makes the ambient NO x concentration about 27 ppm. 4.6 g of [Emim] [BF 4 ] was added to the vessel to absorb NO x , and after 2 hours electrochemical detection was performed using the MoS 2 -modified electrode. According to the measured electrichemical response and linear relationship, the absorption rate can be calculated as 0.146%. In order to verify the accuracy of our test results, we performed a comparative test using spectrophotometry and use the "China National Environmental Protection Standard HJ-479-2009" method to detect the content of NO x . The test result was 8.5% RSD compared with the electrochemical method. This indicates that the MoS 2 -modified electrode has some potential for electrochemical detection of NO x in practical applications. 4 ] shows relatively higher sensitivity and lower detection limits at the MoS 2 -modified electrode. Our method can detect high concentrations of NO x gas, so the detection can be accomplished by increasing the absorption time and the gas volume when the concetration of NO x in the environment is low. Therefore the MoS 2 -modified electrode has some potential for electrochemical detection of NO x in practical applications.
CONCLUSIONS
